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Selective Synthesis of Secondary Amines via N-Alkylation of Primary Amines
and Ammonia with Alcohols by Supported Copper Hydroxide Catalysts
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The N-alkylation of primary amines and ammonia (in situ
generated from urea or aqueous ammonia) with alcohols to
secondary amines was efficiently promoted by supported copper
hydroxide catalysts, Cu(OH),/Al,03 and Cu(OH),/TiO,. The
observed catalysis was truly heterogeneous, and the catalysts
could be reused without an appreciable loss of catalytic
performance.

The N-alkylation of primary amines to secondary ones is of
great importance because the products have been utilized as
important synthons for pharmaceuticals, agricultural chemicals,
and bioactive compounds.' Frequently, alkylhalides have been
utilized for the N-alkylation with stoichiometric amounts of
inorganic bases.! However, the reaction with alkylhalides
produces large amounts of inorganic salts as wastes.!

An alternative environmentally-friendly approach is the N-
alkylation with alcohols as alkylating reagents in the presence of
appropriate transition-metal catalysts, so-called “borrowing
hydrogen strategy” (or “hydrogen autotransfer strategy”):> The
dehydrogenation of an alcohol initially proceeds to afford an
aldehyde (more electrophilic than an alcohol), followed by the
dehydrative condensation with an amine to produce an imine.
Then, the imine is hydrogenated by the transitory formed metal
hydride species, giving the desired N-alkylated amine. Although
many homogeneous catalysts, in particular platinum group metal
complexes, have been reported to be active for the N-alkylation
with alcohols,> these systems have shortcomings of the
recovery and reuse of expensive catalysts and/or the indispen-
sable use of co-catalysts such as bases and stabilizing ligands.
The development of easily recoverable and recyclable hetero-
geneous catalysts can solve the problems of the homogeneous
systems and has received a particular research interest.*>

In this paper, we report that easily prepared inexpensive
supported copper hydroxides, Cu(OH),/Al,0; and Cu(OH),/
TiO,,% can act as efficient heterogeneous catalysts for the N-
alkylation of primary amines and ammonia (in situ generated
from urea or aqueous ammonia) with alcohols. Generally,
copper-catalyzed N-alkylation reactions require high H, pres-
sures (>100 atm), high reaction temperatures (>160 °C), and/or
stoichiometric amounts of bases (e.g., K,COj3) to attain high
yields of desired amines.’ In contrast, the present N-alkylation
with supported copper hydroxide catalysts efficiently proceeded
under relatively mild reaction conditions (1 atm of Ar, 135°C)
without any co-catalysts.”

The catalytic activities for the reaction of n-octylamine (1a)
with benzyl alcohol (2a) to form N-benzyloctylamine (3a) were
compared (Table 1). Among various catalysts tested, supported
copper hydroxide catalysts such as Cu(OH),/Al,O; and
Cu(OH),/TiO, (see Supporting Information'' for preparation
and characterization) showed the highest catalytic activities and
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Table 1. The N-alkylation of 1a with 2a by various catalysts®

cat. Pz
n-C7His “NHp+ Ph” > OH ——— ”'C7H15/\”/\Ph + n-C7His “N” Ph

la 2a 3a 3a’

Ent Catal Yield/%
ntry atalyst 3a 32’
1 Cu(OH),/AlL,04 85 3
2b Cu(OH),/TiO, 80 4
3 CuCl,/Al0; ndf 6
4 Cu(OH), nd 10
5¢ Cu(OH), + ALLO3 nd 9
6 CuCl,-2H,0 nd 7
7 Cu(NOs),-3H,0 nd 9
8 Cu(CH;C0OO0),-H,0 nd 6
9 Cu(PhCOO), nd 6
10 Cu(CF3S03), nd 7
11 Cu(acac),! nd 7
12 [Cu(pt-OH)(tmen)],Cl1,° nd 8
13 CuCl nd 6
14 [Cu(C=CPh)], nd 8
15¢ A1203 nd 5
16 None nd 10

“Reaction conditions: Catalyst (Cu: 0.04mmol), 1a (0.5
mmol), 2a (2 mmol), mesitylene (2 mL), 135 °C, 65 min, under
latm of Ar. Yields (based on 1a) were determined by GC
analyses. "60min. °Al,O; (200mg). Yacac: acetylacetonato.
°tmen: N,N,N’,N'-tetramethylethylenediamine. ‘nd: not de-
tected (<1%).

selectivities to the secondary amine 3a (Entries 1 and 2). No
formation of 3a was observed in the absence of the catalysts
(Entry 16) or in the presence of Al,O; (Entry 15). The catalyst
precursor CuCl,-2H,0 and commonly utilized copper salts and
complexes such as Cu(NOj),-3H,0, Cu(CH;COO),-H,0,
Cu(PhCOO),, Cu(CF3S03),, Cu(acac),, [Cu(u-OH)(tmen)],Cl,,
CuCl, and [Cu(C=CPh)], were not effective (Entries 6-14). The
catalytic activities of supported copper hydroxides were much
higher than those of unsupported Cu(OH), (Entry 4) and a
physical mixture of Cu(OH), and Al,O3 (Entry 5). The reaction
hardly proceeded in the presence of the copper chloride species
supported on Al,O3 prepared without the base pretreatment
(CuCl,/Al, 03, Entry 3, see Supporting Information'! for prep-
aration). These results suggest that the generation of the highly
dispersed “copper hydroxide species” on the surface of supports
is very important to achieve the high catalytic activity and
selectivity.’

The Cu(OH),/Al,Os3-catalyzed reaction of 1a with 2a was
carried out under the conditions described in Table 1, and the
catalyst was removed from the reaction mixture by hot filtration
at ca. 50% yield of 3a. After removal of the catalyst, the reaction
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Table 2. The synthesis of various secondary amines®

R NHp+ R SOH —> R/\HAR' or NHg+ R'/\OH—>R'/\”AR'
AN N, x—‘(j/\NHZ X = H (1b), 0-OCHs (1¢),
la [ p-OCHjz (1d), p-CHj (1)

O/l\fNHg - j\Nleg NH3 28% aq. solution

v {j/\OH X = H (2a), p-OCHz (2b), @)\()H
- p-CHz (2¢), m-CHs (2d), 0-CH3 (2€) 2f

Entry N Source Alcohol Time/min Yield/%
1 la 2a 65 85
2 la 2b 60 84
3 la 2¢ 60 81
4P 1a 2¢ 75 75
5 la 2f 780 87
6 1b 2¢ 105 91
7 1c 2a 90 79
8 1d 2a 90 70
9 le 2a 360 83
10 1f 2a 70 93
11 1g 2a 480 85
12¢ 1g 2¢ 480 95
13¢ 1g 2d 900 91
14¢ 1g 2e 1500 98
15 1h 2a 720 80

#Reaction conditions: Catalyst (Cu: 0.04 mmol), N source
(amine: 0.5 mmol, urea: 0.25 mmol, or ammonia: 0.5 mmol),
alcohol (2 mmol), mesitylene (2mL), 135°C, under 1 atm of
Ar. Yields (based on the amounts of nitrogen in N sources)
were determined by GC analyses. "Reuse experiment. “Alco-
hol (2.5 mmol).

was again carried out with the filtrate under the same conditions,
and no further reaction proceeded. In addition, it was confirmed
by inductively coupled plasma atomic emission spectroscopy
that no copper was detected in the filtrate (below detection limit
of 7 ppb). The catalyst retrieved after the N-alkylation could be
reused without significant loss of catalytic performance (Entry 4
in Table 2).% All these results can rule out any contribution to the
observed catalysis from copper species that leached into the
reaction solution and the observed catalysis is truly heteroge-
neous.’

Next, the scope of the present Cu(OH),/Al,O3-catalyzed N-
alkylation was examined (Table 2). Various combinations of
substrates (eight nitrogen sources and six alcohols) have been
investigated, and all reactions efficiently proceeded to afford the
corresponding unsymmetrically as well as symmetrically sub-
stituted secondary amines in high yields without any co-catalysts
such as bases. When urea (1g) was used as a nitrogen source, the
corresponding symmetrically substituted secondary amines
could be obtained in high yields through the N-alkylation of
in situ generated ammonia from 1g (Entries 11-14).4>10 In
addition, aqueous ammonia could be directly utilized for the
present N-alkylation (Entry 15).

The reaction profiles for the Cu(OH),/Al,O3-catalyzed N-
alkylation of 1a with 2a showed that 3a’ was initially formed,
followed by the formation of 3a. Under aerobic conditions, the
reaction of la with 2a exclusively gave 3a’ without the
formation of 3a (Figure S1).!! It was confirmed in a separate
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experiment that the oxidative dehydrogenation of alcohols and
the hydrogenation of imines to amines in the presence of
alcohols efficiently proceeded with the Cu(OH),/Al,O;5 catalyst
(Figure S1).!" Thus, the present N-alkylation likely proceeds via
the following three sequential reactions. First, the dehydrogen-
ation of an alcohol to a carbonyl compound proceeds with the
transitory formation of the copper hydride species. Then, the
carbonyl compound readily reacts with a starting amine to form
the corresponding imine. Finally, the hydrogen transfer reaction
from the hydride species to the imine proceeds to afford the
corresponding secondary amine.
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and Engineering), Japan Chemical Innovation Institute (JCII),
and Grants-in-Aid for Scientific Researches from Ministry of
Education, Culture, Sports, Science and Technology.
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